Introduction
The Great Kyz Kala (Figure 1) at Merv is one of the most iconic monuments of Turkmenistan and perhaps of all Central Asia. It is the largest surviving monumental köshk: complexes of substantial earthen buildings, usually constructed on raised platforms, with vertical engaged columns forming ' corrugations' on the exterior walls. The buildings are semi-fortified, often with asymmetrical ranges of rooms around a courtyard. These structures are found across the western part of Central Asia, especially in the Murghāb Delta of modern-day Turkmenistan, where they take two locational forms: those in groups, clustered close to urban centres, especially the great city of Merv, or those singly, in isolated rural settings. Interpreted as elite residences, similar to medieval fortified manor houses; those grouped around the city probably provided residences for the urban elite, outside the noise and smell of the city; whereas those in rural areas were probably residences within agricultural estates. While there has been some general discussion of Central Asian earthen architecture (e.g. Baimatowa 2008; Fodde 2009 ), there is a limited understanding of the function and date of this particular type of building. The recent work on the Great Kyz Kala provides important new insights into the architecture, date and function of these fascinating buildings.
The Great Kyz Kala is situated within the immediate hinterland of the cities of Merv (Figure 2) , lying about 450 m to the west of the Islamic city of Sultan Kala, which was founded in the 8 th century CE. Few of the numerous köshks of the Merv delta have been excavated, and most of the scholarship relies on the analysis on their standing architecture. Since the late 19 th century, several scholars have documented and speculated about the Great Kyz Kala: Zhukovskii (1894: 163-7); Pilyavsky (1947: 63-6) ; Pugachenkova (1958: 135-42) and Atagarryev and Pilyavsky (1974: 116-7) . The earliest published photographs of the monument were taken in 1890 by Valentin Zhukovskii (1894), and Ernst Cohn Wiener, an eminent German art historian, photographed the site in the 1920s: the images from both of these show the structure in a better state of preservation, and especially provide greater detail of the decorative elements in the interior. Georgina Herrmann drew together the existing knowledge (1999, , and also compiled an extensive photographic archive of the monuments of the Merv Oasis (Herrmann et al. 2002) , including numerous historic and contemporary images of the Great Kyz Kala. This has been made available online, along with more recent photographs, at the Archaeological Data Service 1 (see Williams 2008) . More recently, the UCL Ancient Merv Project laser-scanned the monuments, and this data is also available online.
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The current project
An opportunity to undertake further research at the Great Kyz Kala came when the U.S. Ambassadors Fund for Cultural Preservation generously agreed to fund a conservation project on the monument between 2014 and 2018. Alongside the conservation imperative of the project, it presented an opportunity to advance our knowledge of the structure and its complex history. Excavation and conservation work was undertaken by the Ancient Merv Archaeological Park, directed by Rejeb Jepbarov. Archaeologists from UCL Institute of Archaeology Ancient Merv Project 3 visited in May 2015 and June 2017, to assist with recording and advising on conservation activities alongside our colleague Sébastien Moriset from CRAterre. Due to the relatively short time available on site, and the complexity of the archaeology, a digital recording strategy was employed. This relied on structure from motion software, in this case Agisoft PhotoScan©. A methodology was adapted for the Great Kyz Kala, following practical examples where such a strategy had been used to successfully record archaeological and architectural remains in the field (Berggren et al. 2015; Galizia, Lo Faro and Santagati 2015; Kjellman 2012) . The recording aimed to rapidly create two 'snapshots' of the site, documenting the progress of archaeological excavation, and aiding the archaeological and conservation work, creating a dataset for monitoring its state of conservation, as well as a visual representation to communicate key points of interest and facilitate discussion.
In May 2015 the entire monument, and internal excavations were photographically recorded by Katie Campbell, leading to the construction of a photogrammetric model. 4 This model was used as a basis for management planning between the project partners and the basis of a series of 3D visualisations of how the monument might be conserved and presented. It was supplemented by an additional 3D model of the Great Kyz Kala, and neighbouring Little Kyz Kala, 
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Digital recording work in June 2017 focussed on documenting the Park's continued programme of excavation, which focused on the northern half of the monument complex, removing some 5m of erosion and collapse within the monument. The excavations have exposed two storeys, around a central courtyard (Figure 3 ). While these extensive excavations have the potential to contribute understanding of the monument, they also carry conservation and visitor presentation challenges. Such issues became the major focus of the joint UCL/CRAterre team working at the monument in 2017. A digital photogrammetry strategy was once again employed to quickly document the site.
The archaeological component of this work concentrated on understanding and recording elevations surrounding the courtyard. This proved to be very complex. The sections had not been fully revealed, primarily because of undercutting due to erosion at the base of the mudbrick walls, probably after the abandonment of the monument in antiquity. This phenomenon has been noted in the exterior walls of the Great Kyz Kala, in both historic photographs and more recent conservation records (Cooke 2014 (Cooke , 2015 , and is caused by a combination of the destabilisation of building material due to the absorption of soluble ground salts and wind erosion (Fodde and Cooke 2013: 269-70) . In addition to the complexity of the elevations at the Great Kyz Kala, props and scaffolding, employed to stabilise the building during excavation work, impeded the complete application of the 'structure from motion' recording of the monument. Additional photographic and written documentation was carried out to supplement and enhance the photogrammetric recording.
The monument
The Great Kyz Kala comprised a solid rectangular platform, supporting two-storey building ranges around an off-centre courtyard located in the north of the complex. The ground floor had a complex of interconnecting vaulted chambers/rooms (Figure 8) , acting as a crypto-portico to support the second storey (Figure 11) .
In 1947 
The platform and skirt
The complex was constructed on a solid platform of earth, c. 2 m in height. The interior of the platform appears to have been largely composed of rammed earth, although the excavations have thus far not penetrated the platform to any significant depth (Figure 4) . The external face of the platform was constructed of mudbrick, tiered near the top and then sloped with a fair face, to form a glacis or skirt, extending some 2m from the base of the exterior wall (Figure 14) . The platform enabled the structure to stand well above the surrounding plain, increasing both its visual impact and perhaps enhancing the defensive aspects of the complex. The platform would have also protected the raised ground floor from damp, and it supported both the ground floor and external walls.
Exterior walls
The exterior walls are visually striking, with the massive engaged columns forming the distinctive corrugations (Figure 1) . The north and west walls are the most eroded, although enough remains to indicate the original position of the corrugations. The east and south sides, protected from the prevailing winds, survive in remarkably good condition. There were 22 corrugations on the longer east and west façades, and 18 on the slightly shorter north and south sides of the complex. Each corrugation is half octagonal in plan with a diameter of c. 1.30 m. They rise from a tapered base, set in the platform. The tops of the walls are more conjectural, as the uppermost levels have disappeared. Some form of crenellated parapet is likely (see Figures 6 and 7) , but the precise form of these is unknown. (For a discussion of the development of this form of walling, see Wordsworth 2018).
Archaeological evidence on the upper corners (except the northwest, which is too eroded to have survived) ( excavated) would have provided an important central rainwater catchment/drainage feature. The courtyard clearly has a complex history which is at present poorly understood. A sequence of surfaces, drains, etc., in the courtyard area were probably part of later reuse of the complex. The courtyard appears to have been infilled with collapse and erosion deposits, presumably after the abandonment of the structure. Some much later reuse, once the building complex was ruined, was also evident and is post-medieval in date.
Vaulted spaces
The courtyard is surrounded by an extensive network of mudbrick barrel-vaulted spaces, which created a platform for the second storey (Figure 10 ). These effectively functioned as a crypto-portico, well known in classical, Late Antique and Islamic contexts, designed to provide a stable platform for the main building level without requiring massive retaining walls and huge volumes of earthen platform. The technique is seen elsewhere; for example, at Qal'a-yi Ramūk (Kerman Province, Iran), with a similar arrangement These vaulted spaces need not have functioned as rooms, as they are primarily designed to create voided spaces to support the upper storey. In the Great Kyz Kala, however, the downward angled window slits in the exterior walls (see Figure 15) would have brought some light and ventilation into the spaces closest to the exterior, perhaps suggesting that the spaces were intended to be used. Those towards the perimeter would be quite dark and cool -perhaps for storage -while those around the courtyard would have had light from the arched doorways in to the courtyard (Figure 9) , and could have served a range of domestic functions.
Upper storey
The upper storey comprised substantial building ranges on all four sides of the complex, around the void created by the lower storey courtyard. The largest range lay to the south, with a smaller northern range, and roughly equally sized west and east ranges (Figure 11) . Along three of the ranges a galleried access space overlooked the light-well.
Floor surfaces survive in the south of the complex, where collapse of the large Room 18 produced sufficient material to protect them from later erosion. In the central and northern areas, erosion washed debris into the lower courtyard, and through the collapse in the northern and eastern exterior walls, destroying most of the second storey floor surfaces. The West Range (Rooms 1-5), had rooms that were internally c. 5.5 m wide (east-west), while varying in size north-south. Room 1 has traces of a barrel-vaulted roof and an area of square mudbrick flooring survived, with a doorway in the north wall, connecting to Room 2. Elsewhere in this range, due to erosion, no floors survived. Rooms 2 and 3 were domed, with squinches supporting a series of concentric arches. Rooms 4 and 5 were roofed with tall vaults, rising from brick string courses (Herrmann 1999: 84-5) . A floor to ceiling height of c. 5.6 m has been conjectured for the large rectangular Room 4, which had a panel of appliqué decoration (a series of blind arches), with a niche below (Figure 12) .
The East Range (Rooms 9-13) was largely unexplored in the recent work. It is similar in scale to the west range. The largest room, Room 13, has been extensively damaged by erosion. To the north of this lay four roughly equally sized rooms (9-12), although the division between Rooms 11 and 12 is difficult to establish as a 20 th century buttress, constructed to support the east wall, obscures the area. Rooms 9 and 10 were both barrel vaulted (aligned east-west). No interior decoration survives along this range due to erosion.
The North Range (Rooms 6, 7 & 8) is rather different: it is relatively narrow, internally c. 3.5 m north-south, compared to the east and west ranges which are c. 5.5 m deep, and without gallery access (Figure 11) . At the western end were internal staircases (Room 6 - Figure 13) . One staircase led down to the lower storey courtyard, while the other led up, presumably providing access to the roof. Little survives of Rooms 7 and 8 due to erosion.
The most substantial complex of rooms on this storey lay in the South Range. A very large hall (Room 18) ran the entire eastwest width of the building complex, some 32 m internally. This room had considerably thicker walls, suggesting a larger superstructure: presumably an arched/vaulted space given its scale. A mudbrick floor, well-made and extensively worn, survives over a large area. Doorways existed to the three rooms to the north (14-16), and the corridor (17). Eroded apertures at the west and east ends may suggest windows at each end of the hall. There is evidence of later reuse of this space, with new walls inserted to divide the space, and an area of raised flooring, and the doorways to the rooms to north (Rooms 14-16) were blocked. The range of rooms along the north side of Room 18 (Rooms 14-17) had well-made Along the west, south and east ranges, overlooking the light well created by the ground floor courtyard, was a gallery (Figure 11) . The area is too eroded, due to collapse in to the courtyard and vaulted spaces, to know whether this space was roofed or open. However, this provided vital circulation space within the complex, creating access between the rooms, and from the second storey to the ground floor or roof, via the Room 6 staircases in the north range.
Entrance(s)
Most commentators have suggested that access to köshks would have been direct to the second floor (see Herrmann 1999: 84) . The Great Kyz Kala certainly did not have a ground level opening. However, a doorway at second storey level would have required an access ramp c. 5 m in height (2m platform and 3 m high first storey). The second storey floor level was c. 1.4 m above the bottom of the external corrugations, so an alternative might have been to position the base of the doorway at the interface of the skirt and corrugations; externally a more visually symmetrical appearance. On the dish from the Hermitage (Figure 6 ) the entrance is clearly set even lower, within the skirt, and there is some indication of a ramp leading to this. The last two options would obviously require internal steps, climbing to the second floor. There are two possible candidates for the entrance to the complex. The evidence for an entrance in the North wall is an eroded gap in the centre of the wall (Figure 11) . A fair face high up on the western side of the gap might be suggestive of a structural change at this point, although this could also have been a window. A recent Polish excavation near this point (Kaim 2015) uncovered collapsed walling, which was not excavated: it was not clear if this was a collapsed section of the façade, or material from above a portal. The area has been badly damaged by erosion, but there is no clear archaeological evidence, as yet, for an external ramp at this point. The northern façade would have been very clearly visible from the main east-west road, to the north, leaving the main western gate of the city of Sultan Kala (Figure 2) . However, there is little space for internal steps within the narrower north range, and given the apparent lack of a second storey gallery on the north side, an entrance with internal steps would have had to turn within Room 7 and provide access to the complex via Room 8.
In the East wall, a large section of the façade has collapsed, alongside Room 13, although the earliest image (Figure 15) shows that only part of two corrugations are missing. Several structural features might suggest this is a more likely entrance:
• Along the northern part of eastern façade, four mudbrick pillars have been uncovered, extending from the area of the suggested entrance to the north (Figure 14) .
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• Along the entire length of the eastern façade, some 2m to the east of the base of the skirt, lay a long mudbrick wall running parallel with the façade (Figure 14) ; this again suggests considerable attention along this façade. Perhaps the wall and the pillars supported a timber ramp running along the wall from the north. • Some 18 m to the east of the façade, at the same point as the suggested entrance, lies a substantial mound, perhaps suggesting an outbuilding aligned with the entrance. • A fired brick step has been inserted into the skirt/platform, and although possibly a later modification it is very suggestive of an entrance at this point.
• Any entrance at this location would have entered the complex through Room 13, the second largest room on the second storey, which had ample space to accommodate an internal stairs and may also have acted as an antechamber to the great hall Room 18.
Valentin Zhukovskii's superb images from 1890 (Zhukovskii 1894: Figure 25 ) (Figure 15 ), indicate that there was insufficient space to enable direct second floor access at this point. However, a lower entrance, at the level of the skirt, or within the skirt, with internal steps within Room 13, would be quite possible. Unfortunately, this area is badly damaged by the later collapse and erosion, and the identification, while suggestive, is not conclusive.
Dating
Pugachenkova suggested a date for the Greater Nagym Kala of the 6 th -7 th centuries CE on the basis of structural details, layout, size and archaeological material found within the walls (although that was not published) and suggested a similar date, on stylistic grounds, for the Great Kyz Kala (Pugachenkova 1958: 134) . The Hermitage dish (Figure 6) , supposedly a 9 th -or 10 th -century CE copy of an 8 th -century CE dish, would suggest, if correctly dated, that this form of building was being constructed from at least the 8 th century CE. During conservation work on the Great Kyz Kala, in 1998, a fragment of glass and some ceramic sherds were found in the upper parts of the corrugations, including Ishkhor ware, a black and yellow slip-painted glazed ware, dated to the 9 th -10 th centuries (Herrmann 1999 : 85-6, 116); although given their position, one cannot exclude that these were within a repair to the original fabric. While the recent excavations have demonstrated that there were several phases of occupation within the complex, as primary construction levels were not excavated, and material in the wall fabric must be residual, it is still difficult to date the construction of the complex. Materials from the 8 th -9 th centuries CE, both coins and ceramics, were present in the earliest levels excavated, while the later reuse/modifications (such as the blocking of the doorways in the south range, and the reflooring and internal walls within Room 18), may have occurred in the 11 th -12 th centuries. While, the material has not yet been fully analysed, it is tempting to suggest a 9 th -century CE construction date, with substantial modifications, in the 11/12 th century CE. The latter includes various surfaces and small structures constructed within the courtyard area, raising the ground surface to a level where access to the lower storey rooms would have been difficult. The complex appears to have fallen out of use by the end of the 12 th century CE, although later use of rooms/spaces within the 'ruin' may have continued sporadically into the post-medieval period.
Discussion Landscape context
Köshks have long been suggested as having sat within an organised and planned landscape, including ancillary buildings and gardens. Pugachenkova, for example, suggested this for Munon Tepe (Pugachenkova 1958: 159) . Recent work analysing satellite/ UAV images (Figure 16 ) and excavations suggest that the Great Kyz Kala lay within a walled enclosure. The wall, some 2 m thick, with interval towers c 3.2 m in diameter, has been uncovered some 6m from the monuments skirt along the northwest side. It is currently not clear where the boundary lay on the other sides. A substantial mound some 25 m to the north-east of the monument, and a large mound 18 m to the east (Figure 16 ), indicate other structures in close proximity and perhaps associated with the complex, while the Lesser Kyz Kala complex lies some 140 m to the south.
The landscape to the west of the monuments has been more intensively farmed in the 20 th century, and modern irrigation works, including new canals (see Figure  16) , make it more difficult to interpret the ancient landscape. A major canal, the Khormuzfarra, is thought to have run south to north through the area, and a very approximate line would suggest that it ran immediately to the west of the Great Kyz Kala complex (see Figure 2) (Williams In Press) . It is probable that the canal would have been a major factor in the sitting of the complex, enabling good access to clean water, and it is tempting to suggest that gardens and water features provided a verdant surrounding to the main monument. A future programme of geophysics/remote sensing and some test trenches will be used to explore the compound and its landscape setting.
Function, status and ownership
Despite their defensive appearance, köshks were not fully-fledged fortresses, lacking arrow slits and with walls weakened by windows in the upper storey. They were not meant to withstand a full-scale siege, but, much like medieval fortified manor houses in the west, they provided a strong degree of security from raids, with an impenetrable lower storey, raised access, probable corner towers (in the case of the Great Kyz Kala), and an outer compound wall. The hermitage dish (Figure 6 ), for example, shows a mounted attack on such a building, but without siege engines. While the lower storey of the Great Kyz Kala was clearly a functional space, with the well in the courtyard and the vaulted rooms perhaps used for storage and domestic functions, the upper storey was a more palatial space, with a series of impressive rooms providing reception/formal spaces, bed chambers, etc. ranged around the galleried central light-well (Figure 17) .
Many of the second storey rooms had some architectural/decorative sophistication. Painted plaster (Figure 18 ), for example, has been discovered in the collapsed debris and probably came from rooms on this level, and the applique decorations in Room 4 suggest a well-appointed space of some status.
The external appearance of the monument would have been impressive. The Great Kyz Kala, the largest köshk in the region, would have stood at least 14m above the flat alluvial landscape, with its massive corrugated façade, sitting on a raised platform, dominating it with an air of monumentality. Fragments of gypsum plaster were found in the Polish excavations immediately outside the north wall (Kaim 2015: 5) and attached to the external glacis (Jepbarov 2014: 9) , suggesting that the external walls had some decoration/finish, although too little was retrieved to be conclusive. Nevertheless, this massive complex, within sight of the city of Sultan Kala and visible to all travelling the main east-west road some 900 m to the north, must have made a strong statement.
The outer enclosure is reminiscent of complexes such as Al-Ukhaidir in Iraq. Constructed in 778 CE, the enclosure with interval towers, encompassed a large area with several substantial vaulted building complexes. These continued the "Arabic aristocratic tradition of building outside the main cities" (Ettinghausen, Grabar and Jenkins-Madina 2001: 53-4) . In the Abbasid period a "clear feature of these palaces is the appearance in and around them of large gardens and parks, carefully planned with fountains and canals …" (op cit.: 56) An entrance on the eastern side would have accessed the second largest room (13) in the upper storey, perhaps designed to provide both space for an internal staircase and to form a reception/entrance hall, controlling entry to a large hall (18). It is tempting to see the latter as a reception area, designed to receive guests, clients and petitioners, and to act as a space for events and entertaining. The small corridor 17 (Figure 11) would have provided more private access to what appears to have been some of the most well-decorated rooms in the west range (although this could in part be due to the erosion of the interior of the rooms in the east range, which gives less indication of their status). The west range also provides direct access, via the gallery to the staircases to both the roof and the lower story. If the kitchens were in the lower storey, then access to deliver food to the elite of the household would have been direct into the smaller, more private spaces in the west range, or via corridor 17 to the main reception hall (18).
Several köshks cluster around the Islamic city of Sultan Kala, probably serving as elite suburban residential complexes: a summer house with cool gardens, away from the bustle of the city; a warm retreat for long winter nights. The köshks range in size, probably reflecting the range of owners from within the elite of the city. However, the Great Kyz Kala was by far the largest, set in a more substantial landscape, and yet less than a kilometre from the city's west gate: it seems reasonable to suggest that it may have been constructed as a palatial complex for the most important person in the city, the Governor. Hugh Kennedy drew attention to the writing of al-Iştakhrī, who stated that the governor of Sultan Kala, Tāhir b. al-Husayn, appointed in 821 CE, constructed a large number of buildings along the Khormuzfarra Canal (Kennedy and Moore 1999: 123), leading Kennedy to speculate that perhaps the Great Kyz Kala was built by Tāhir (Kennedy 1999: 33) . The recent work generally supports this, with the suggested 9 th century CE date for construction and the location of the complex to the east of the canal (above). Al-Iştakhrī also suggested that Tāhir "wanted to move the markets and Government House there" (Kennedy and Moore 1999: 123) , as an alternative to the administrative and palatial centre constructed alongside the Madjān Canal nearly a century earlier (Williams 2007: 55) . There is no clear evidence that the administrative and palatial functions were shifted out of the city, and al-Iştakhrī, writing about a century after Tāhir, does not suggest such a change. Perhaps the complex only fulfilled the function of elite suburban residence.
Some two centuries later, the Seljuk's did shift the administrative and palatial centre away from the bustling heart of the city alongside the Madjān Canal, to the relative calm of a new palatial complex constructed at the north-east edge of the city at Shahriyar Ark (Figure 2) . It is interesting to note that this took place in the late 11 th century CE (Williams 2008), at a time that broadly coincides with the decline of the Great Kyz Kala complex: the great hall is subdivided, doorways blocked, and the ground floor appears to have changed in character, with some of the rooms being abandoned. Perhaps the governor no longer needed a house outside the city, given the new palace complex in Shahriyar Ark, with its gardens, and administrative and residential facilities, and the Great Kyz Kala complex passed to other hands and other uses. 
